Many utilities suffer from High Technical and Non-Technical Energy Losses that, when combined, can exceed 30% of the total energy generated or imported. Studies have shown that the optimal total power losses in the distribution network (Primary and Secondary Distributions) range from between 6% and 12%. Sample studies of a number of utilities showed, however, that the secondary distribution network alone could have a loss that exceeds 12%. In this paper High Voltage Distribution System (HVDS) is proposed for analysis and implementation for Power Holding Company of Nigeria (PHCN) that is having relatively high technical loss problems in a section of the distribution network. The distribution of power at high voltage and supplying the customers directly through small size distribution transformers would be achieved. The load Flow equation for testing a practical situation is also presented.
Introduction
High Voltage Distribution System (HVDS) is a reconfiguration system whereby a single phase high voltage (HV) lines are brought as close to the load as possible. This means that one or more single phase distribution transformers of appropriate capacity (from 5kVA up to100kVA) are installed to feed single or a little group of loads, such that the length of the low voltage (LV) lines are minimized or rejected entirely.
HVDS is the distribution practice adopted in North America (Canada and USA) [1] , whereas, in Nigeria and most other underdeveloped and developing African countries with weak and ill conditioned power system network surprisingly, have in place with all antecedent challenges, the Low Voltage Distribution System (LVDS). Especially, in Nigeria that has distribution voltage values of 240V for single phase and 415V for three phase load. In this system, three phase transformer of considerable capacity is installed and LV lines are continued to provide for a group of loads. Basically, HVDS is a measure of the reduction of high technical losses and improvement of voltage profile terminal points on the low voltage (LV) lines. This measure converts LVDS to HVDS by the installation of transformers along the HVDS route. The existing substations are to stay in the same location to serve concentrated loads within 250metres radius.
The selection of appropriate measure for maximum results often depends on the characteristics or the state of the feeder in question. These are, load distribution, growth potential, route length, load status and area of coverage amongst others. In that respect is therefore need for analysis of HVDS measure in order to define the technological and economic viability as a strategy for maximum loss reduction and voltage improvement impact.
2.Technical Loss Reduction (TLR)
Electrical power systems, losses incurred come in two ways; technical and non-technical. The Technical losses are naturally occurring losses, caused by internal actions to the power system, and it consists of mainly power dissipation in electrical system elements, such as transmission lines, power transformers, measurement systems, and so on. In other words, technical losses are caused by the physical properties of the components of the power systems. They are seen due to the laws of physics in transmitting and distributing electrical energy [2] . The most obvious instances are the power dissipated in transmission lines and transformers due to their internal electrical resistances. They are not immediately concerned with losses due to inadequate metering, or non-technical losses (losses caused by external actions to the power system). Therefore, technical losses are easy to simulate and calculate from computation tools for calculating power flow losses.
Nontechnical losses are more difficult to measure, especially in developing countries where electric utility equipment theft and power metering estimations are common practices. This is because these losses are often unaccounted for, by the system operators and therefore have no recorded information. Nevertheless, because it is possible to compute an estimate of the technical losses, and to estimate metering losses by sample measurement, the non-technical losses which cannot be measured could then be estimated as:
Nontechnical losses = Total losses -(Technical Losses + Metering losses).
International Norms
The International norms at the different transmission and distribution voltage levels are as given in Tables 1 and 2 below: Tables 1 and 3 are summarized in  Table 4 . Table 4 shows that PHCN has minimum and peak measured tolerable values for generation level. The tolerable margins are exceeded for Transmission level. However, it is observed that the percentage values of the losses recorded at the distribution level is quite high for the peak measured percentage, that is, 19.48%. It is thus needed that a loss reduction strategy be applied to shorten the loss value considerably towards being within the targeted value of 11.5% set by the International norms.
Measures and Reviews for (TLR)
The causes of high technical losses are varied and require different remedial measures to be implemented to bring them down to acceptable levels. The measures which can be implemented in a short period of time, of within 1-2 years are called short-term measures and those which can be completed in 3-5 years' time are called long-term measures. Instances of the long-term measures are; upgrading, strengthening and improvement of the SubTransmission and Distribution System in a circle to fit the future load demand for the succeeding 5 years. The shortterm measures involve measures required for immediate improvement and decrease of losses in the arrangement. The answer indicates that total losses are cut by the introduction of suitable switching arrangements.
Network reconductoring technique leads to extra investment which increases the initial investment of feeders [4] . In [5] , two phase method of cascade reconductoring and reconfiguration for technical loss minimization of the distribution scheme was introduced. This method allowed for power loss reduction with enhanced voltage profile. In [6] , load balancing and load management techniques of a transformer were modelled using MATLAB under various loading conditions and results reveal the best efficiency of transformer at half of the full load. Other methods applied are; employing of Automatic Voltage Booster (AVB) at different locations in discrete steps along the distribution cables. This improves the voltage profile for up to 10% and marginally reduces losses in location points [4] . Prevention of leakages at insulation, shunt and series capacitor installation, cable joints and connections improvement, regular maintenance of the distribution network, reactive power compensation and building of new primary substations are methods that have been employed for TLR. Although these TLR methods are useful, the better advantages of the HVDS make for its adoption in this paper.
Adoption of HVDS
The reasons for the adoption of the HVDS are:
1. The higher operating voltage, leads to lower line losses.
2. Appreciable reduction in technical losses as major part of distribution takes place at higher voltage.
3. Improves voltage profile and reduces outages.
4. The system reliability is increased as the breakdown affects lesser number of customers that are fed from pole-mounted 3-phase transformers.
5. It discourages 'hooking' by consumers.
Application of HVDS to PHCN
The existing 11kV feeders radiating out of the various injection substations in the network of the PHCN comprise of a number of ground-mounted distribution transformers up to 500kVA capacity and very long low voltage networks. This arrangement, from practical measurement, has resulted in an excessive voltage drop at the terminal points of LV network. 150Volts p-n (phase to neutral) as against 240Volts has often been recorded on some feeders. Also recorded are high technical losses.
Aggregate Technical and Commercial (AT & C) losses are in the region of 45% of the power distributed in this area, of which technical losses are estimated to be around 30-35%.
In order to reduce the losses and for improved voltage profile, the standard practice is to have High Transmission: Low Transmission (HT: LT) ratio of 1:1, or more. In the event of some selected feeders in the PHCN Distribution network, the HT: LT ratio is much lower than 1:5 and in some cases as low as 1:10. Table 5 shows HT: LT ratio of some selected PHCN feeders. The HT: LT of Ifako 11kV feeder under Ogba Cluster is 1:2 and for OkeIra 11kV feeder in the same cluster is as much as 1:4. 
Load Flow Mathematical Formulation Method for Radial Network
Load flow technique is computationally efficient, reveals the electrical performance and power flows (real and reactive) for specified conditions when the system is operating under steady state [7] . The load flow technique is presented in this paper for solving a practical radial distribution system.
Assumptions
In applying this method, it is assumed that the 3-phase radial distribution network is balanced. Two single line diagrams are utilized to represent this assumption. Figure  1 shows the existing 13 bus network and Figure 2 is a 25 bu s network. While Figure 3 considers the two networks one line diagram.
In figure 3 , the line between buses a and b, has resistance Current flowing through branch a is given by
Where current conjugate at the bus is From equations 1 and 3, we have:
The real and imaginary parts are printed separately:
The real part is
Squaring and adding equations (4) and ( 
Equation (6) has a straightforward solution and do not depend on the phase angle, which simplifies the problem formulation. In a distributed system, the voltage angle is negligibly unimportant, because the variable angle from the substation to the tail end of the distribution feeder is only a few degrees [8] . 
The total active and reactive power of the system is: 
Conclusion
This paper proposed that, for an improvement in customer satisfaction and complete elimination of voltage fluctuations, flickers and most other instabilities along a power system distribution network the HVDS approach would be a very good solution as compared to the traditional LVDS application. HVDS application improves on the voltages at the buses in a network. Network total power losses are reduced and the occasional voltage drop experienced due to the extension of the LV line to consumer premises is also made negligible.
